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[57] ABSTRACT 

An in^roved hardfacing for teeth and other surfaces of 
milled tooth rock bits includes steel in the range of firom 20 
to 50 percent by weight, and filler in the range of from 50 
to 80 percent by weight. The filler includes spherical cast 
tungsten carbide particles alone or in a mixture of other 
tungsten carbide particles such as crushed cast sphoical or 
crushed cemented tungsten carbide, macroaystalline tung- 
sten carbide, or the like. The single crystal monotungsten 
tungsten carbide particles have a particle size in the range of 
from 16 to 40 mesh and/or in the range of from 80 to 200 
mesh. 
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BIT WITH HARDFACING MATERIAL 
INCORPORATING SPHERICAL CAST 
CARBmE PARTICLES 

CROSS-REFERENCE TO RELATED 
APPUCAnONS 

This implication claims the benefit of provisional patent 
^plications Ser. Nos. 60/014,731, filed Mar. 12, 1996, and 
60/014225, filed Mar. 27, 1996. 

FIELD OF THE INVENTION 

This invention relates to improved firacture- and wear- 
resistant hardfadng compositions applied to wear surfaces 
on teeth on bits for drilling oil wells or the like. 15 

BACKGROUND OF THE INVENTION 

Bits for driUing oil wells and the like commonly have a 
steel body which is connected at the bottom of a drill string. 
Steel cuttCT cones are mounted on the body for rotation and 20 
engagement with the bottom of a hole being drilled to crush, 
gouge, and scrape rock for drilling tiie welL One important 
type of rock bit referred to as a milled tooth bit has roughly 
triangular teeth protruding from the surface of the cone for 
engaging the rode The princq)al faces of such a milled tooth ^5 
that engage the rock are usually dressed with a layer of 
hardfacing mataial to resist wear. The specific tooth geom- 
etry fonns no part of this invention. 

Conventional hardfacing usually conqmses particles of 
tungsten carbide bonded to the steel teeth by a metal alloy. ^ 
In effect, the carbide particles are embedded in a matrix of 
metal forming a \&ycr on the surface. Most hardfacing on 
rock bits ett^loys steel alloys containing nickel and cobalt 
as the matrix, aldiough otiier alloys may also be used. 

It is quite common in referring to the particulate material 
in the hardfacing merely as "carbide" without characterizing 
it as tungsten carbide. The metal carbide principally used in 
hardfacing is tungsten carbide. Small amounts of tantalum 
carbide and titanium carbide may be present, although ^ 
considered to be deleterious. Jt will be understood that as 
used herein, reference merely to "carbide" means tungsten 
carbide. 

Three types of tungsten carbide have been employed for 
hardfacing. Possibly the most coimnon is crushed cast 4* 
carbide. TXingsten forms two carbides, WC and WjC and 
there can be an essentially continuous range of compositions 
therebetween. Cast carbide is typically a eutectic mixture of 
the WC and WjC compounds, and as such is 
substoidiiometdc, that is, it has less carbon than the more 
desirable WC form. Cast carbide is solidified from the 
molten state and comminuted to the desired particle size. 

Another type of tungsten carbide is so-called macrocrys- 
talline tungsten carbide. This material is essentially stoichio- 
metric WC in the form of single crystals. Most of the 
macrocrystalline tungsten carbide is in the form of single 
crystals but some bicrystals of WC may form in larger 
particles. 

The third type of tungsten carbide used in hardfacing 
comprises cemented tungsten carbide, sometimes referred to 
as sintered tungsten carbide. Cemented tungsten carbide 
comprises small particles of tungsten carbide (e.g., 1 to 15 
microns) bonded together with cobalt Cemented tungsten 
carbide is made by mixing tungsten carbide and cobalt 
powders, pressing the mixed powders to form a green 
compact and "sintering" the composite at temperatures near 
the melting point of cobalt The resulting dense cemented 
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carbide can then be comminuted to fonn particles of 
cemented tungsten carbide te use in hardfaang. 

Atypical technique for applying hardfadng to the teeth on 
a rock bit is by oxyacetylene welding. A welding **ro(r or 
stick is formed of a tube of mild steel sheet enclosing a filla: 
which is iMimarily carbide particles. The filler may also 
include deoxidizer for the steel flux, and a resin binda to 
retain the particles in the tube during welding. The hardfac- 
ing is M)pUed by melting the rod on the face of the tooth. The 
steel tube melts to weld to the steel tooth and provides the 
matrix for the carbide particles in the hardfadng. The 
deoxidizer aUoys with the mild steel of the tube. 

Although mHd steel sheet is used when fwming the tubes, 
the steel in the hardfadng as ^pUed to a rock bit is a hard, 
wear resistant, alloy sted. This occurs by the dissolution of 
tungsten, carbon, and possfcly cobalt, into the aUoy sted 
from the tungsten carbide during wdding. There may also be 
some mixing with the aUoy steel from the te^ on the cone. 

It is iir^rtant to i^ovide as much wear resistance as 
possfcle on the te^ of a rock bit cutter cone. The effective 
life of tfie cone is enhanced as wear and fracture resistance 
of the hardf acing is inaeased. It is desirable to keep the teeth 
protruding as far as possible from Ac body of the cone smce 
the rate of penetration of the bit into the rock formation is 
enhanced by longer teeth (however, unlimited length is 
infeasible since teeth may break if too long f ot a pven rock 
formation). As wear occurs on the teeth, they g^ shorter and 
the driU bit may be replaced when the rate of penetraUon 
decreases to an unacceptable levd. It is desirable to mini- 
mize wear so that the footage driUed by eadi bit is maxi- 
mized. This not only decreases direct cost, but also decreases 
the frequency of having to **round trip" a driU string to 
replace a worn bit with a new one. 

U S Pat No. 4,944,774 discloses a hardfadng material 
for use with the teeth of rock bits that comprises a mixture 
of crushed cemented tungsten carbide having a partide size 
in the range of from 20-30 mesh, and mactocrystamne 
tungsten carbide having a partide size in the range of from 
40-80 mesh. Sudi a hardf acing material is known to provide 
a good degree of wear resistance and abrasion protection of 
the inner teeth, and somewhat improved wear resistance of 
the gage surfaces of the cone and gage row of teeth. 
Advances in wear resistance of hardfadng on the teetii 
; and gage surfaces of tiie cone are desirable to increase the 
duration during whidi a hole diameter can be maintained, to 
enhance the footage a drill bit can driU before beconamg 
dull and to enhance the rate of penetration of sudi drill bits. 
Such improvements translate directly into reduction of dnll- 
) ing expense. 

BRIEF SUMMARY OF THE INVENTION 

There is, therefore, provided in practice of this invention 
according to a presendy preferred embodiment, a hardfacmg 

' material for both an inner row of rock bit teeth, and gage 
surfaces of a rock bit cone and gage row of rock bit te^. 
The hardfadng material includes spherical cast carbide 
particles alone or in a mature including other ^ide 
particles such as spherical or crushed cemented carfjide, 

^ macrocrystalline carbide, carburized cart)ide, or the Wee. 
The carbide particles are in a matrix of alloy steel welded to 
the steel of the teeth of the cutter cone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^ These and other features and advantages of the jH-esent 
invention will be appredated as the same becomes better 
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understood by reference to the following dialled descrip- 
tion when considered in connection with the accompanying 
drawings wherein: 

FIG. 1 is a perspective view of a nulled tooth rock bit 
constructed according to princq)Ics of this invention; and 

FIG. 2 is a fragmentary cross section of an exemplary 
tooth on such a rock bit 

DETAILED DESCRIPTION 

An exemplary milled tooth rock bit comprises a stout steel 
body 10 having a threaded pin 11 at one end for connection 
to a conventional drill string. At the opposite end of the body 
there are three cutter cones 12 for drilling iwk for fonning 
an oil well or the like. Each of the cutter cones is rotatably 
mounted on a pin (hidden) extending diagonally inwardly on 
one of the three legs 13 extending downwardly from the 
body of the rock bit As the rock bit is rotated by the drill 
string to which it is attadicd, the cutter cones effectively roll 
on the bottom of the hole being drilled TTie cones are shaped 
and mounted so that as they roll, teeth 14 on the cones ^ 
gouge, chip, crush, abrade, and/or erode the rock at the 
bottom of the hole. The teeth 14G in the row around the heel 
of the cone are referred to as the gage row teeth. They 
engage the bottom of tiie hole being drilled near its perimeter 
on "gage." Fluid nozzles 15 direct drilling mud into the hole ^ 
to cany away the particles of rock created by the drilling. 

Sudi a rock bit is conventional and merely typical of 
various arrangements that may be employed in a rock bit 
For example, most rock bits are of the three cone variety 
illustrated However, one, two and four cone bits are also 
known. The arrangement of teeth on the cones is just one of 
many possible variations. In fact, it is typical tfiat the teeth 
on the three cones on a rock bit differ from each other so that 
different portions of the bottom of ttie hole are engaged by 
the three cutter cones so that collectively the entire bottom 
of the hole is drilled. A broad variety of tooth and cone 
geometries are known and do not f onn a specific part of this 
invention. 

Exen:Q)lary teeth on such a cone are generally triangular in 4^ 
a cross-section taken in a radial plane of the cone. Such a 
tooth has a leading flank 16 and trailing flank 17 me^g in 
an elongated crest 18. The flanks of the teeth are covered 
with a hardfadng layer 19. Sometimes only the leading face 
of each tooth is covered with a hardfadng layer so that 45 
differential wosion between the wear-resistant harxffadng on 
the front flank of a tooth and the less wear-resistant steel on 
the trailing face of the tooth tends to keep the crest of the 
tooth relatively sharp fOT enhanced penetration of the rock 
being drilled. ^ 

The leading face of the tooth is the face that tends to bear 
against the undrillcd rock as the rock bit is rotated in the 
hole. Because of the various cone angles of teeth on a cutter 
cone relative to the angle of the pin on which the cone is 
mounted, the leading flank on the teeth in one row on the 55 
same cone may face in the direction of rotation of the bit 
whereas the leading flank on teeth in another row may on the 
same cone face away from the direction of rotation of the bit 
In other cases, particularly near the axis of the bit, neither 
flank can be uniformly regarded as the leading flank and eo 
both flanks may be provided widi a hardfacing. 

There are also times when the ends of a tooth, that is, the 
portions facing in more or less an axial direction on the cone, 
are also provided with a layer of hardfacing. This is par- 
ticulariy true on the so-called gage surface of the bit which 65 
is virtually always jH-ovided with a hardfacing. The gage 
surface is a generally conical surface at the heel of a cone 



^^vhidi engages the side wail of a hole as the bit is oWT The 
gage surface includes the outer end of teeth 14G in the 
so-called gage row of teetii nearest the heel of the cone and 
may include additional area nearer the axis of die cone than 
the root between the tcetii. The gage surface is not consid- 
ered to include the leading and trailing flanks of the gage 
row teeth. The gage surface encounters the side wall of the 
hole in a complex scraping motion which induces wear of 
the gage surface. In some embodiments, hardfadng may 
also be applied on the shirttail 20 at tfie bottom of each leg 
on the bit body. 

Such structure of a milled tooth rock bit is well known and 
does not form a specific portion of this invention, which 
relates to the specific hardfacing material employed on die 
teedi of a milled tooth cutter cone. 

Thus, in practice of this invention, the hardfacing material 
con^jrises spherical cast carbide particles alone or in a 
mixture of other carbide particles such as sjrfierical or 
crushed cemented carbide, single crystal monotungstcn 
carbide, carburized carbide, or the like. The carbide particles 
are in a matrix of alloy sted welded to the alloy steel of die 
teeth of the cutter cone. 

Cast tungsten carbide has ^jproximately the eutectic 
composition between bitungsten carbide, WjC, and mono- 
tungsten carbide, WC. The cast carbide is typically made by 
resistance heating tungsten in contact with carbon in a 
graphite crucible having a hole through whidi the resultant 
eutectic mixture drips. The liquid is quenched in a bath of oil 
and is subsequendy comminuted to a desired partide size. 
The crushed eutectic is what is known as cast carbide. 

As used herein, cemented tungsten carbide refers to a 
material formed by mixing partides of tungsten carbide and 
particles of cobalt or other iron group metal, and sintering 
the mixture. In a typical process for making cemented 
tungsten carbide, small tungsten carbide partides, e.g., 1-15 
microns, and cobalt partides are vigorously mixed with a 
small amount of ofganic wax wbidi serves as a temporary 
binder. An organic solvent may be used to promote uniform 
mixing. Hie mixture may be prepared for sintering by either 
of two techniques: it may be pressed into solid bodies often 
referred to as green con^cts; altemativdy, it may be 
formed into granules or pellets sudi as by pressing through 
a screen, or tumbling and then screened to obtain more or 
less uniform pellet size. 

Such green conq)acts or pellets are then heated in a 
vacuum furnace for first evaporating the wax and then to a 
temperature near the melting point of cobalt (or the like) 
which causes the tungsten carbide particles to be bonded 
togedier by the metallic phase. After sintering, the compacts 
are crushed and screened to a desired particle size. The 
crushed cemented carbide is generally much mocc angular 
than die pellets which tend to be rounded. The sintered 
pellets tend to bond tog^er during sintering and are 
crushed to break ttiem apart These are also screened to 
obtain a desired particle size. Cemented tungsten carbide 
from such compacts may be made specifically for use in 
hardfacing, may be manufacturing scrap from making other 
productsV^gf may be scrap from worn out tungsten carbide 
products crdshed and screened for this purpose. 

Yet another type of tungsten carbide is so-called macro- 
crystalline carbide. This material is essentially stoichiomet- 
ric WC in the form of single crystals. Most of the macroc- 
rystalline tungsten carbide is in the form of single crystals 
but some bicrystals of WC may form in larger particles. 

The sh^ of the carbide partides has been found to affect 
their toughness. Both cemented carbide and cast carbide 
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may be fonned into spherical particles. Spherical partides of 
tiiese carbides have been found to be tougher than crushed 
particles of cemented, cast or macrocrystalline carbide. 
Such spherical particles lack die sharp edges found in 
crushed particles, which act as stress concentrators and are 5 
likely microcrack initiation sites. 

Spherical cast carbide particles have been found to be 
very tough and hard, testing up to 3000 Hardness Vickers. 
EYoccsses for producing spherical cast carbide particles are 
described in U.S. Pat. Nos. 4,723,996 and 5,089,182, which i' 
are herein incorporated by reference. Basically, a mixture of 
tungsten and carbon is heated above its melting point into a 
constantly flowing stream which is poured onto a rotating 
cooling surface, typically a water-cooled casting cone, pipe, 
or concave turntable. The molten stream is rapidly cooled on i 
the rotating surface and forms spherical particles of eutectic 
tungsten carbide. 

Hardfacing is applied to the te^ and gage surface by 
welding with a 'Yod" in the fam of a mild steel tube 
containing either the partides of cemented tungsten carbide, 
single crystal WC, or cast carbide to be applied as a 
hardfadng. However, it is to be understood within the scope 
of this invention that mc^ods other than tiiat specifically 
described can be used to apply the hardfacing material of 
this invention. 2 

Carbide particles are often measured in a range of mesh 
sizes, for example 40 to 80 mesh. The term **mcsh" actual 
refers to the size of the wire mesh used to screen tiie carbide 
particles. For example, "40 mesh" indicates a wire mesh 
screen with forty holes per linear inch, where the holes are 
defined by the crisscrossing strands of wire in the mesh. The 
hole size is determined by the number of meshes per inch 
and the wire size. The mesh sizes referred to herein are 
standard U.S. mesh sizes. A standard 40 mesh screen hias 
holes such that only partides having a dimension less than * 
420 fim can pass. Rutidcs having a size larger than 420 fun 
are retained on a 40 mesh screen and particles smaller than 
420 pm pass toough the screen. Therefore, the range of 
sizes of the carbide particles in a filler is defined by the 
largest and smallest grade of mesh used to sacen the ' 
partides. An exenq)lary filler comprising carbide partides in 
the range of firom 16 to 40 mesh will only contain partides 
larger than 420 \sm and smaller than 1190 \inu whcxeas 
another filler co^^)rising particles in the range of from 40 to 
80 mesh will only contain particles larger than 180 pm and ' 
smaller than 420 pm. Hence, there is no overlap in terms of 
particle size between these two ranges. 

In addition to the carbide in the filler in tiie tube, it is 
desirable to include up to five percent by weight of deoxi- 
dizer and a tempOTary resin binder. A suitable deoxidizer is 
silicomanganese obtained from Chemalloy in Pennsylvania. 
The nominal coii^)osition of the silicomanganese is 65% to 
68% manganese, 15% to 18% silicon, a maTimnrri of 2% 
carbon, a maximum of 0.05% sulfur, a maYi'mnm of 035% 
phosphonis, and a balance of iron. Preferably about four 
percent deoxidizer is used. A small amount of thennoset 
resin is desirable for partially holding ttic particles togetfier 
in the tube so that they do not simply f aU out during wdding. 
A half percent by weight of resin is adequate. 

The proportion of filler to the wdght of tfie sted tube 
within which it is enclosed in an exemplary embodiment is 
50% to 80% fiUer and 20% to 50% tube. A presenUy 
jH-eferred proportion is in the range of 65% to 75% filler and 
25% to 35% tube. These proportions can vary by plus or 
minus 2%. In order to obtain a weight ratio of filler to sted 
of 70:30, a %2 inch (4 mm) diameter tube is made with steel 
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having a wall thickness of 0.017 inch (043 mm). Roughly 
the same proportions arc obtained in a Vie inch (4.5 mm) 
diameter steel tube by making it with a wall 0.02 inch (0.5 
mm) thick 

According to a presently preferred embodiment the tung- 
sten carbide portion of the filler comprises spherical cast 
tungsten carbide in the range of from 10 to 100 percent by 
weight, with the remainder consisting of the other types of 
tungsten carbide particles described above. The spherical 
tungsten carbide particles are in the preferred size ranges of 
between 16 to 40 mesh and/or between 80 to 200 mesh, 
however 100 to 200 mesh is preferred in this finer particle 
size range. For example, a typical filler composition can be 
made up using 30 kg of 16 to 30 mesh spherical cast tungsten 
carbide, 40 kg of 16 to 30 mesh crushed cemented tungsten 
carbide, 25 kg of 40 to 80 mesh macrocrystalline carbide, 4 
kg of silico-mangancsc deoxidizcr, and 0.5 kg of phenolic 
resin binder. The particles are coated with the resin sus- 
pended in an alcohol solution which is then dried. After the 
tubes are loaded with the filler and the ends crimped, the 
ends are di|^>ed in a solution of phenolic resin in alcc^ol to 
add some binder at the ends. The binder is then heat cured 
to temporarily bind the partides together. 

It has been found that the metal matrix may be strength- 
ened by uniformly dispersing ultra-fine carbide particles in 
the steel matrix without sacrificing toughness. The ultra-fine 
particles may be a carbide, such as chromium, vanadium or 
niobium carbide, or a boride such as chromium boride. As 
used herein, the term •'ultra-fine" is defined with respect to 
the particle size of distinct carbide partides incorporated in 
the metal matrix as {H-acticed in tiie prior art, as opposed to 
carbide partides incorporated in larger carbide particles, 
such as in cemented tungsten carbide particles as described 
above. The hypotiiesizcd medianism for this strengthening 
is dispersion strengthening of the steel matrix. As a result 
the wear resistance of the steel matrix is increased and the 
overall chipping resistance is markedly improved. The ultra- 
fine carbide particles to be dispersed is the steel matrix 
according to alternate preferred embodiments of the present 
invention may be either macrocrystalline tungsten carbide 
particles, which are crushed and may then be milled for very 
fine sizes, c.g., below 10 pm, or the ultra-fine particles may 
be formed by a process in which very small tungsten 
particles, e.g., 1-50 jim, are carburized to produce a type of 
tungsten carbide powder generally referred to as carburized 
carbide. The sh^ of the ultra-fine carbide partides may be 
angular or spherical as spherical cast tungsten carbide par- 
ticles in this preferred size range may also be used for the 
ultra-fine partides. In a presently preferred embodiment, the 
ultra-fine particles are included in the hardfacing as a 
carburized carbide powder containing tungsten carbide par- 
ticles in the range of from about 15 to 50 ^lm. A suitable 
powder containing ultra-fine carbide particles is available 
from H.C Stark as MAS-3000 powder. The ultra-fine car- 
bide partides may be introduced directly into the matrix by 
mixing them with the other carbide particles in the tube rod 
to be welded. Alternatively, the ultra-fine partides may be 
uniformly distributed in the matrix by suffidently overiieat- 
ing the tube rod during welding to induce dispersion of the 
ultra-fine particles which con^jrise the cemented carbide 
particles, causing them to migrate through the matrix by 
convection. 

Presently preferred alternate ratios are provided in flie 
following table: 



Exam- 


opucncal 
Cenwnted Caibide 
(wt %^ 


Spherical 

Cast 
Carbide 
(wt9b) 


Ultra- 
fine 
Carbide 
(wt%) 


Wt% 
of the 
fiUed-in 






ple 


28-35 mesh 48-200 mesh 


100-200 mesh 


30 Mm 




1 

2 
3 


70 

— 35 
40 __ 


20 
45 
50 


10 
20 
10 


64 
64 
70 
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The weight percent of the fiUed-in tube rod in the above 
chart inay include up to 4% fluxing agent and deoS^S 

by heating the face to a welding tcmpaature by an oxv 
a^ne or ato^c hydix,gen to^diXn a siSibte S 
pcratoe IS reached, the abov(xlesaibcd tubular wcl£ 
Vodis melted onto the face of the tooth. In an«e^S 
fjnbodiment. the thickness of the haidfacing iy« HSS 
Vi« to 3/« uich (1.6 to 2.4 mm) KssolutioS of tte sS » 

TS^- f '^'^'^ of the caibides ^ 

and mixmg of metal ftom the body of the cutter conVrcS 
mandloystedmatrixforthecarWdeparticirSoSS \ 
aft^ the euttcr cone is Lburi^^SSu " 

kAeEt'?'^"^*^'"''^'=P'««««^rfonnation ^ 
m the aUoy steel matrix of the haidfacing 

Duni^ drilling, microcracks ftequently initiate in th^ 
region of the wdd joint, in particuto at slipZ^ JhSj 
arehigh s^ss regions, nie welding seqS« H^^S 30 
parameter f«r reducing the formation of miaoaacks" S 
^acmg. Tie critical surfaces, i.e., those surfaS^whfch 
«pmencc high compressive stresses during drilliw sS 
be hard faced first, foUowed by less liS^fiS 
^'J^.theedgeofthewddjointofhardf^XS 35 

Ao^^y fte prefated welding sequence of a drSfg 
too^ IS the foUowmg: aest and leading flank; trailing flanfc 
and side faces of flie tooth. In additionfthe wddSsK 
a ^ven surface of the tooth should be xoUed overTc<L^ <o 
to the adjacent suri^ace by at least •/. indi (3 mm) so tS 

IZX^' " « 

Jtt is hjpoaesized that the presence of eta phase and oxide 

process reduces the toughness of the matrix. Eta ohase anrf 
oxide partides f«m in the steel matrix during wet 2t 
^^L^ "^"^"^^ ^ the torch flme^-Se 

^0^5^^*='"' ^-fi- W3Fe,Cand W3C03C. are there 

the metols in die matrix. Oxide particles form when the 
me^ alloy in tte tube rod reacts ^the caiSet^Sdt 
mdO^ oxygen in the oxyacetylene torch flame or Cll 
Mr surrounding the flame. The eta phase and oxi<S^^ 
bntae compounds. Thus a matrix con^g a large cSti^ 
of eta phase and oxide partides tends to be wSK! 
^one to Jactujc. It has been found that the fo^^n oTS 
phase and oxide particles in the sted matrix can be miS^ 

oui?fl°S^f^''°%^''!!^^"'''^^°"«i"t«nediateand 



2C,Hi+20,-»4CO+2H, 



uses the oxygen and acetylene supplied from the cylinder 
The oxygen-acetylene mixture is adiieved and ZZTJ^ 
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the t^^. Hiis reaction can be seen as the small inner cont 
of tfie flame. The highest temperature is at the point of this 
cone. The second stage: 

4COf2H2+302-MC02+2H20 

uses oxygen supplied from the air surrounding the flame. 
This combustion zone constitutes the outer blue envelope of 
the flame. Intermediate between the inner and outer cones 
there is a non-luminous intermediate cone. When the 
acetylene/oxygen ratio is about 1 to 1 and there is neither 
excess oxygen nor acetylene at the tip of the inner cone, the 
intermediate cone of the flame is regarded as neutral, Le. 
neither oxidizing nor carburizing. A short pale green 
•*feathcr" at the tip of the inner cone is an indication of an 
excess of acetylene. When tiie feather is less than about half 
the length of the inner cone, the flame is regarded as 
reducing. A longer intennediate flame is considered carbur- 
izing. 

A neutral flame showing only three cones without a 
feather or only a very short feaiiicr less than about "/s the 
length of the inner cone is prefeired for welding haixlf adng 
on the te^ of a rock bit cutter cone. The oxygen concen- 
tration within the intennediate cone in a neutral flame is 
quite low and oxides should not be formed when the molten 
metal is within the outer cone and outside the inner cone. A 
torch configuration to yield a pointed inner cone is preferred 
over a configuration that yields a bulbous cone. 

Previously, when welding the hardfadng material onto a 
rock bit, the ratio "of lengths of flie inner and intermediate 
flame cones is typically maintained at about 3:1, with the 
end of flie tube rod maintained in a region between the tips 
of these two flame cones, most likely near the tip of the inner 
cone since that is the location of the highest temperatures. 
Welders prefer to hold the tip of the inner cone near the 
worlqpiece since welding is faster. A flame ratio of about 3:1 
is specified in welding handbooks. 

According to a presently preferred method for welding 
^hardfadng onto the teeth of a cutter cone, the inner to 
intermediate flame cone length ratio is maintained at about 
4:1 and the tube rod is maintained in a prefeired region of 
the intermediate flame cone away from the tip of flie imcr 
cone between about 1-V^ and 3 times the lengfli of the inner 
cone. Hardfadng is welded onto rock bit cones using various 
torch tip sizes. Fot example, Victor wdding tordies, manu- 
factured by the Thermady ne Company, have a number 6 and 
a number 7 size tordi tip with orifice diameters of 0.27 cm 
and 0.32 cm, respectively. Wth a number 7 tip the typical 
length of the inner cone is about 2 to 2.5 centimeters. V/ith 
a number 6 or 7 tip, it is preferred to hold the tube rod in the 
range of from about 1 to 4 centimeters from the tip of the 
inner cone. If anything, this region of the flame is neutral or 
slightly carbon-rich and produces caibon-reduction of the 
metal alloy being welded by providing excess carbon for the 
chemical reactions between the metal and cerm^ materials 
' in the hardfadng. By maintaining the tube rod in fliis 
preferred location in a longer than usual flame, eta phase and 
oxide particle formation in the matrix is minimized. In the 
welding practice according to this embodiment of the 
invention, tfie fonnation of oxide and eta phase partides is 
insensitive to increases in heat input of the flame, unlike 
conventional wdding practices in which oxide and eta phase 
particle formation increases with increases in heat "input 
from the flame. In addition, the partide size of the eta phase 
and oxide particles is greatly refined to less than 30 ^m. 

The length of the intermediate cone relative to the inner 
cone, and the neutral condition of the flame are readily 
adjusted by varying the pressure or flow rate of the oxygen 



1 



# -# 

aim acetylene to the torch. This can be accomplished b y 
IM-essure regulators at the tanks and/OT adjustment of the/ 
valves on the torch. . 

A preferred region for the welding rod in a torch flame 
having 3:1 ratio of cone lengths is between about one and 
two cm from inner flame cone tip; however it is diflScult to 
maintain the tube rod in this small range during manual 
welding. Hence, this is a less preferred method of hard 
facing. The longer than usual flame with a 4:1 ratio provides 
a much longer zone within whidi the welding rod may be 
placed for achieving a low eta phase and oxide concentration 
in the matrix of the hardfadng. 

The da, phase and oxide content in the matrix may be 
determined by polishing a cross-section of a tooth with 
hardfacing with incrementally decreasing sizes of diamond 
particles from 40 fmi to 3 fxm. The polished surface is then 
rtched with a reagent of 10 g KFe(aV)<s, 10 g KOH and 100 
ml water followed by an alcohol rinse. The eta phase and 
oxide content may be determined using a PGI frnagist image 
analyzer at lOOx magnification. 

The prqwrtion of carbide in the hardfacing is determined 
largely by the proportion in the welding **rod" used for 
^plying the hardfacing. Some dilution may occur by alloy 
steel from the surface of the tooth on the cutter cone. This 
dilution is not a large contributor since in a typical appli- 
cation of hardfacing to a milled tooth cutter cone for a rock 
bit, the thickness of hardfacing is in the order 2 mm The 
amount of dilution depends to some extent on the technique 
employed by the welder applying the hardfacing. 

The carbide content in the hardfacing can be estimated by 
metallograi^c examination of a cross section through the 
hardfacing. The approximate areas of ±t carbide and binder 
leases can be determined. Rrom this, the volume percent- 
ages of binder and carbide can be estimated, and in turn the 
weigjit percentages. Since use of deoxidizer in the filler of 
a welding tube is important for producing void free binder 
lAase, the dilution of the carbide filler can be taken into 
account and tiie ratio of filler weight to tube weight approxi- 
mated, A hypothetical tube type welding rod can be pro- 
jected from a hardfacing deposited on the surface by odier 
techniques. 

Thus, for consistency in this specification, the proportion 
of carbide to alloy steel in the hardfacing is considered on 
the basis of carbide content in the stick used to melt the 
hardfacing onto flie surface. As pointed out above, the fillcx 
of carbide, binder and deoxidizer is 50% to 80% by weight 
(plus or minus 2%) of tiie stick and the mild steel tube is 
20% to 50% by weight (plus or minus 2%). The filler is 
about 96% carbide (plus or minus 2%), with a balance of 
deoxidizer and binder. 

The improved hardfacing material is applied to the gage 
surfaces of the cone and gage row teeth in the same manner 
previously described for applying the hardfacing mixture to 
the inner row teeth. 

Abrasion tests show that the improved hardfacing mate- 
rials of this invention exhibit improved wear and fracture 
resistance over hardfacing materials containing similar pro- 
portions of carbide particles but which do not include 
spherical cast carbide particles. For example, in a hardfacing 
comprising a carbide component with 70 percent by weight 
of 16 to 30 mesh crushed cemented carbide and 30 percent 
by weight of 40 to 80 mesh macroaystalline carbide, it has 
been found that by substituting 40 percent by weight of the 
crushed cemented carbide particles witfi spherical cast car- 
bide particles in the same size range, loss of hardfacing 
material due to sliding abrasion wear, chq)ping, and carbide 
particle fracture were significantly reduced. It is hypoth- 
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►ized that this improved performance is due to tS^clvan- 
tages of both the material and geometry of the spherical cast 
tungsten carbide particles over the cmshed cemented tung- 
sten carbide particles they replace. Cast carbide is inherently 
harder than cemented carbide and hence is more resistant to 
abrasion wear. Also, it is believed that the spherical particles 
arc less likely to fracture during actual field use than the 
crushed particles because although cast tungsten carbide is 
not inherently tougher than cemented tungsten carbide, the 
spherical particles lack the sharp edges of the crushed 
particles which act as stress concentrators and hence are 
more prone to fracture and breakage. 

The im|H-ovement in performance of the hardfacing trans- 
lates directly into increased footage of well drilled and 
increasedrate of penetration, both of which translate directly 
into lowered costs for the driller. 

Other modifications and variations of hardfacing for a 
rock bit will be qjparent to one skilled in the art. It is, 
tharcfOTc, to be understood that within the scope of the 
appended daims, this invention may be practiced otherwise 
than as specifically described. 
<"V/hat is claimed is: 

[' A. Arock bit oon ^ sing: 

a body; 

at least one cutting cone rotatably mountedto^ end of 
the body, wherein the cone includesa^^^ surface at 
a heel portion of the cone; 

a number of teeth on the con^the tc^ including a 
plurality of inner row t^ffiand a plurality of gage row 
teeth located near a hed of each cone, wherein the teeth 
include a hardfaptiig comprising: 
steel in the ran^ of firom 20 to 50 percent by weight; 
and 

fiUer ijHfie range of from 50 to 80 percent by weight, 
^er conq>rising in the range of from 10 to 100 
:nt t3y weight spherical cast tungsten carbide 
particles paving a particle size between about 16 to 
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^ .2, The rock bitrof*claim 1 conpising filler in the range of 
40 from 60 to 75 percent by wei^t 

3. The rock bit of daim 1 wherein the filler comprises in 
the range of from 20 to 50 percent by weight spherical cast 
tungsten carbide partides. 

4. The rock bit of claim 1 wherein the filler comprises in 
45 the range of from 40 to lOQ^ncent by weight spherical cast 

tui^sten carbide partides. VM 

claun Fwhcrein the filler comprises in 

the range of from 10 to^;pa'oenfty.a^g i^t spherical cas_L 
tungsten carbide parti^estoaving a pa^S size,,bct^cen 
about 16 to 40 mesh, and fufflhex comprisesjungsten carbide 
particles selected frork theWoup^-eoiisisti^ of spherical 
cemented, crushed--x^m^Bfed, crushed cast, crushed 
. and I 

^K'Tfie rock bit of claim 5 wherein the filler further 
imprises spherical cast tungsten carbide partides having a 
""*"ie-s izc between about 80 to iO O m esh. 

Dic-cock bit of claim 6 wbeiciu the ll ller iSo^ ^^ 
ical cast tungsten carbid e^partidey-faaVingTp^cle 

me h r twron about leOToHOOm esb: — 

60 ^. -The roe lir blt of claim b whetein ^gicTLllCT"ia rfeer 
co^riscsjDac rociystalM pe- tungsten carbide partici eshav- 
I ^A^j gT^particlo aizc bctw e cii about 40 to 80 m csh?^ 
5 \)]p^!>YQ- a rock bit as redted in claim 1 wherein the filrdfacing 
< comprises in the range of from 10 to 90 percent by wdght 
65 spherical cast tungsten carbide particles having a particle 
size between about 16 to 40 mesh, and further comprises 
ultra-fine tungsten carbide partides in the range of from 10 
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Jl2. A rock bit comprising: 
a body; 

a JcS^^ « g^e surface 2 

a ncel portion of the cone; 

* n!!!Sl°f '^•^ ^ including a 

of umerrow teeth and a pluniUty of gaT^w 

ru£:r„s:j--Sg~"^-^«^^ 

stg in Je range of from 20 to 50 percent by weight; 
n '"'f' ~"P«s»ng in the range of from 10 tolOO 

:i of£rsr^?;2Si-ts^^ 
S ^^^^^^^^^^ 

''^ °^ " therein the filler comprises 

^ sphmcal cast tungsten carbide particles haviw a 3^?. 

=1 size between about 100 to 200 Lsb ^ * '^'^^ 

19. The rock bit of claim 18 wherein the fiUer further 
comprises macroaystalline tungsten carbide nS^Sr 
mg a particle size between abo^t 40 t?80 meT 
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i 20. A rock bit as recited in claim 12 wherein the hard- 
fadng comprises in the range of from 10 to 90 percent by 
weight spherical cast tungsten carbide particles having a 
^ particle size between about 80 to 200 mesh, and further 
comprises ultra-fine tungsten carbide particles in the range 
of from 10 to 35 percent by weight of the filler material, the 
particles having a particle size in the range of from about 1 
to 50 microns. 

10 21. A rock bit as redted in claim 20 wherein the ultra-fine 
tungsten carbide particles are selected from the group con- 
sisting of carburized, macrocrystalline, and spherical cast 
22. A rock bit as recited in claim 20 wherein the steel in 
the hardfacing is dispersion strengthened by the ultra-fine 
15 timgsten carbide particles. 
V 23. A rock bit comprising: 
a body; 

at least one cutting cone rotatably mounted to an end of 
the body, wherein the cone includes a gage surface at 
a hed portion of the cone; 
^ number of teeth on the cone, the teeth including a 
'•^ plurality of inner row teetii and a plurality of gage row 

•^y teeth located near a hed of each cone, wherein the teeth 

i;n 25 include a hardfadng comprising: 

i,y steel in the range of from 20 to 50 percent by wdght; 

J fi^cr in the range of from 50 to 80 percent by wdght, the 

=U fillo- comprising in the range offrom 10 to 100 percent 

rn 30 weight spherical cast tungsten carbide particles 

™ having a particle size between about 16 to 40 mesh and 

'r= between about 80 to 200 mesh. 

24. A rock bit as redted in daim 23 wherein the hard- 
a fadng coiiq)rises in the range of from 10 to 90 percent by 
rn 35 weight spherical cast tungsten carbide particles having a 
'il particle size between about 16 and 40 mesh and between 

80 to 200 mesh, and further comprises ultra-fine 
tungsten carbide partides in the range of from 10 to 40 
Q percent by weight of the fiUer material, the particles having 

□ ^ a particle size in the range of from about 1 to 50 microns. 

25. A rock bit as redted in daim 24 wherein the ultia-fine 
tungsten carbide particles are selected from the group con- 
sisting of carburized, macrocrystalline, and spherical cast 

26. A rock bit as recited in claim 24 wherein flie steel in 
the hardfadng is dispersion strengthened by the ultra-fine 
tungsten carbide partides. 

27. The rock bit of claim 23 wherein the filler comprises 
spherical cast tungsten carbide particles having a particle 

^ size between about 100 to 200 mesh. 
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rock bit comprising: 

a body; 

at least one cutting cone rotatablv 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone; and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a plurality of gage row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising, 
steeU and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles haying a 
particle size less than 40 mesh. 

29. A rock bit as recited in claim 
28 comprising steel in the range of 20 to 50 
percent by weight. 

30. A rock bit as recited in claim 
28 wherein the cast tungsten carbide particles 
haye a particle size between about 16 to less 
than 40 mesh. 



31. A rock bit as recited in claim 
28 further comprising spherical tungsten 
carbide particles haying a particle size 
between greater than 80 to 200 mesh. 



J yL A rock bit comprising: 
a body: 

at least one cutting cone rotatablv 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a plurality of gage row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising, 
steel, and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles haying a 
particle size greater than 80 mesh. 

33. A rock bit as recited in claim 
32 comprising steel in the range of 20 to 50 
percent by weight. 

34. A rock bit as recited in claim 
32 wherein the cast tungsten carbide particles 
haye a particle size between greater than 80 to 
200 mesh. 




35. A rock bit as recited in claim 
32 further comprising spherical tungsten 
carbide particles haying a particle size 
between 16 to less than 40 mesh. 




36. A rock bit comprising: 
a body; 

at least one cutting cone rotatablv 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a plurality of ^age row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising, 
steel, and 

filler in the range of from 50 
to 80 percent by weight the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles having a 
particle size between about 16 to 40 
mesh and between about 80 to 200 
mesh. 

37. A rock bit as recited in claim 
36 comprising steel in the range of 20to 50 
percent by weight and wherein the spherical 
tungsten carbide particles have a particle size 
between about 16 to less than 40 mesh and 
between greater than 80 to 200 mesh^ 



w^-gy A rock bit comprising^ 
a body: 

at least one cutting^one rotatablv 
mounted to an end^^fiJte body, wherein the 
cone includes a ps^^ sifr^ce at a heel portion 
of the cone:^c 

ya numoer ofAeetft-on the cone, the 
tee^n including a pliualitv-oflnnerrow teeth 
and a 



— ptaralitv of ease row teeth located near a heel 
of each cone, wherein the teeth include 
hardfacing comprising. 

steeK 



filler in the^^ge of from 50 



to 80 percfenK^ \^Aight the filler 
comprising in the vin)^ of from 10 to 
100 ^^^entV)\My^ighls^ cast 
tdrmsten carbidg^^p^^ having a 
of about 40 mesh. 
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